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Longitudinal movement of the radius, in relation 
to the ulna, occurring during abduction and 
adduction of the elbow, and during radial and 
ulnar deviation of the wrist, was examined roet-
genographically on five students. A fixation device 
was designed to stabilize the humerus while the 
passive movements were carried out, and all 
measurements were done with the arm in 0° 
extension. The average movement from full 
adduction to full abduction was 10,4° and, at the 
same time, the radius moved an average of 1.6 mm 
distally in relation to the ulna. When the wrist was 
moved from full radial deviation to full ulnar 
deviation the radius moved an average ofOJ mm 
in relation to the ulna. The importance of assessing 
passive accessory movements at the elbow in the 
examination and treatment of elbow lesions is 
discussed. 
The few detailed studies of passive movement of 
the elbow have been cadaveric studies on the 
physiological movements of flexion, extension, 
pronationand supination(MorreyandChao 1976, 
Chaoand Morrey 1978, Youmetal 1979). Ray etal 
(1951) carried out a radiological analysis of 
pronation and supination on living subjects, after 
fixating the humerus by inserting metal pins into 
the humeral epicondyles under local anaesthetic. 
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Little mention is made in the literature of the 
abduction and adduction movements that also 
occur at the elbow, and the effect that these 
movements have on the radio-humeral joint, the 
superior and inferior radio-ulnar joints and the 
humero-ulnar joint. Fryette (1954) discussed the 
importance of these movements, stating that trauma 
to the lower arm may result in an abduction or an 
adduction ulno-humeral lesion. In an abduction 
ulno-humeral lesion, such as may occur when 
falling on an outstretched arm, the radial head is 
forced against the capitulum and is shunted distally 
in relation to the ulna. This in turn displaces the 
hand distally because the carpus articulates with 
the radius rather than the ulna. However, the ulnar 
collateral ligament of the wrist undergoes an 
increase in tension as a result of this movement, 
pulling the hand into slight ulnar deviation Radial 
deviation is therefore limited, and may produce 
symptoms when this movement is attempted 
forcefully. An adduction ulno-humeral lesion (less 
common) results in a proximal glide of the radius 
in relation to the ulna, pulling the wrist into slight 
radial deviation, resulting in limitation of ulnar 
deviation. 
Fryette (op cit) also discussed internal and external 
rotation lesions of the ulnar in relation to the 
humerus. During forced pronation (internal 
rotation lesion) the relative looseness of the fit of 
the trochlear in the trochlear notch allows the ulna 
to rotate internally by a small amount. 
If the annular ligament is inelastic, the radial head 
retains its relationship to the radial notch, but 
glides anteriorly on the capitulum. If the annular 
ligament is loose, the radial head retains its 
relationship to the capitulum, but moves posteriorly 
in the radial notch. With forced supination (external 
rotation lesion) the ulna is forced into external 
rotation and the radial head may or may not glide 
posteriorly on the capitulum, depending on the 
tightness of the annular ligament. However, other 
authors (Morrey and Chao op cit, Kapandji 1970) 
assert that rotation of the ulna around its long axis 
does not occur. 
Ogilvie (1930) noted that the sacciform nature of 
the synovial cavities in the superior and inferior 
radio-ulnar j oints would allow proximal and distal 
movements of the radius in relation to the ulna. He 
confirmed this by taking X-rays of the elbow in 
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neutral, in radial deviation of the wrist, and in 
ulnar deviation of the wrist. In radial deviation the 
radial head approximated the capitulum, and in 
ulnar deviation it moved distally. 
The accessory movements that occur at the elbow 
and that form an important part of the assessment 
and treatment of elbow lesions are described by a 
number of authors (Mennell 1964, Maitland 1977, 
Kaltenborn 1976). Included in these accessory 
movements are longitudinal movements of the 
radius proximally and distally, abduction and 
adduction of the elbow, and the anterior and 
posterior movements of the radial head on the 
capitulum. 
To determine the extent of some of the above-
mentioned accessory movements, it was decided to 
analyse them roentgenographically, looking for: 
• longitudinal movement of the radius in 
relation to the ulna during passive abduction 
and adduction of the elbow 
• longitudinal movement of the radius in 
relation to the ulna during passive radial and 
ulnar deviation of the wrist 
• anterior movement of the radial head on the 
capitulum during passive pronation of the 
forearm. 
Method 
Subjects 
The five subjects were students (three male, two 
female) aged between 25 years and 30 years 
(average age 28 years), with no known history of 
injury to the elbow. 
Apparatus 
A fixation device for the humerus was devised. 
This consisted of a vice-like apparatus, which 
enabled the proximal portion of the humerus to be 
firmly clamped, leaving the elbow joint and the 
forearm free to move. Two straps of Velcro tape 
were also applied to the arm in an attempt to 
reduce any rotatory movements of the humerus 
within the clamp. 
The elbow joint and forearm were supported on a 
piece of firm foam rubber, which maintained the 
elbow at 0° extension. The film cassettes were 
placed on top of the foam (ie between the foam and 
the forearm). Vacuum cassettes of monograph-
type film with single-sided emulsion were used. All 
X-rays were taken by the same unit, a Picker over 
couch tube using a focus of 0.3 and a distance of 
75 cm. 
Procedure 
Each subject knelt on the ground next to the X-ray 
table, and the externally rotated right humerus was 
stabilized in the fixation device such that the 
cubital fossa and supinated forearm faced upwards. 
For all measurements, the arm was maintained at 
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0° extension, even if the subject was able to 
hyperextend the elbow. This ensured that any 
magnification error due to a .variable distance from 
arm to cassette was minimized. All subjects had 
four antero-posterior X-rays taken: in passive 
abduction and adduction of the elbow, and in 
passive radial and ulnar deviation of the wrist. 
Four of the subjects also had two lateral X-rays 
taken: in 90° supination and in neutral pronation/ 
supination. 
For the abduction and adduction X-rays, the force 
was applied through the ulna and radius 
respectively, proximal to the wrist, while at the 
same time maintaining the wrist in a neutral 
position. The movement was taken to its end of 
range, or to what would be considered to be R2 in 
the terminology of Maitland (op cit). The force 
needed to accomplish this movement varied from 
subject to subject, but as the same person carried 
out all the movements on all except one of the 
subjects, the force applied was considered to be 
consistent. 
For the radial and ulnar deviation X-rays, the force 
was applied by grasping the hand on its medial and 
lateral aspects and moving it in the desired 
direction, again to the position considered to be 
end of range. A conscious effort was made to avoid 
any abduction or adduction movement of the 
elbow at the same time (Figure 1 ). 
Figure 1: Subject in position, with passive radial deviation 
force being applied 
For the lateral X-rays of the radial head in 90° 
supination and the neutral forearm position, the 
forearm was passively moved into the desired 
position, while at the same time the hand was kept 
in a neutral position, avoiding humeral rotation, 
and avoiding flexion/ extension of the elbow. These 
measurements were done in 0° extension. The 
lateral views were of the elbow region only, 
whereas for the other X-rays a larger cassette was 
used so that the whole arm from the distal humerus 
to the proximal carpus was included. 
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Figure 2: Measurement points used in roentgenographic 
analysis of accessory movement at the elbow 
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Figure 3: X-ray of the 
arm during passive adduction 
showing measurement 
reference points at the elbow 
Figure 4: X-ray of the arm 
during passive abduction 
Figure 5: Plates shown in 
Figures 3 and 4, with the 
humerus superimposed, 
showing amount of 
abduction/ adductioji and 
radio-humeral gapping—close-
up of the elbow (the humeral 
lines should be completely 
superimposed, as in Figure 8) 
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Each pair of X-rays (abduction/adduction, ulnar 
deviation/ radial deviation, supination/ neutral) was 
then checked to see that the humerus superimposed 
exactly when one X-ray was placed on top of the 
other, If it did not, it meant that it had rotated 
during the movement, which would have invalid-
ated the measurements, and so in these cases the 
X-rays were repeated (this happened a number of 
times). The satisfactory X-rays were then compared 
and measurements taken as shown below. (See also 
Figures 2-8). 
ABDUCTION/ADDUCTION AND RADIAL/ULNAR 
DEVIATION 
1 Radio-humeral distance (Figure 2, no. 9): A 
line joining the distal points of the trochlea 
and capitulum of the humerus (trochlear 
line, Figure 2, no. 11) was drawn. Another 
line joining the medial and lateral cortices of 
the radial head was drawn, and the centre of 
this line marked. The perpendicular distance 
from the centre-point to the trochlear line 
was recorded as the radio-humeral distance. 
2 Longitudinal movement of the radius in 
relation to the ulna: This was measured at e 
inferior radio-ulnar joint. A line from the 
coronoid process of the ulna to the centre of 
the ulnar styloid (ulnar line, Figure 2, no. 4) 
was drawn. A perpendicular from the distal 
antero-medial aspect of the radius (Figure 2, 
no. 3) to the ulnar line was then drawn, and 
the distance from this point to the tip of the 
ulnar styloid noted. The difference in this 
distance between abduction/adduction of 
the elbow and between radial/ ulnar deviation 
of the wrist is a measure of the longitudinal 
movement of the radius in relation to the 
ulna. 
3 Humero-ulnar angle (Figure 2, no, 7): The 
angle between the trochlear line and the 
ulnar line ws taken as the humero-ulnar 
angle, and gain compared between the two 
sets of X-rays. 
4 Radio-humeral angle (Figure 2, no. 8): The 
angle between the line joining the medial and 
lateral cortices of the radial head (as 
described in 1 above) and the trochlear line 
was taken as the radio-humeral angle. This 
was another way of measuring the range of 
abduction/adduction, and was expected to 
be the same as the humero-ulnar angle. 
Ulnar translation: Perpendicular lines were 
drawn from the medial edge of the trochlear 
notch (Figure 2, no, 13) and from the medial 
edge- of the trochlea (Figure 2, no. 14) to the 
trochlear line. The difference in this distance 
between the abduction and adduction X-
rays is a measure of ulnar translation. 
SUPINATION/ PRONATION 
To determine if there was any anterior shift of the 
radial head on the capitulum when moving from 
the fully supinated to the neutral position, a 
positive print of the supination X-ray was obtained 
for each of the four subjects. The pronation and the 
supination X-rays were then placed on top of each 
other so that the humerus was superimposed, and 
the contrast between the positive and negative X-
rays made it easy to see if there was a shift of the 
radial head anteriorly on the capitulum. 
Results 
Abduction /adduction and radial/ulnar deviation 
The results of the abduction/adduction and 
radial/ulnar deviation movements tests are shown 
in Table 1. This table shows the mean difference 
between the extremes of movement, as well as the 
range betwen the five subjects. 
From full adduction to full abduction the ulna 
moved by an average of 10.4° laterally (humero-
ulnar angle). The radio-humeral angle was approxi-
mately the same (10.8°). 
At the same time there was an average decrease in 
the radio-humeral distance of 1.7 mm and a distal 
shift of the radius in relation to the ulna of 1.6 mm. 
From full ulnar deviation to full radial deviation 
there was an inadvertent average lateral movement 
of the ulna of 1.2° (humero-ulnar angle). The 
radio-humeral distance decreased by an average of 
0.45 mm and there was a 0.1 mm distal shift of the 
radius in relation to the ulna. 
In four out of five subjects it appeared that there 
was slight medial translation of the ulna on the 
humerus as the forearm was moved passively from 
full abduction to full adduction, but this could not 
be measured accurately due to technical difficulties 
(see Discussion) 
Supination/pronation 
In the four subjects analysed there was no 
discernible anterior movement of the radial head 
on the capitulum when the forearm was passively 
moved from a position of full supination in 0° 
extension to a neutral position in 0° extension. 
Discussion 
The results substantiate the claims of Fryette (op 
cit) and Ogilvie (op cit) that the radius can move 
longitudinally on the ulna during abduction and 
adduction of the elbow and radial and ulnar 
deviation of the wrist. This movement can only be 
measured adequately at the wrist, because 
abduction and adduction at the elbow cause a 
change in the radio-humeral distance with little or 
no longitudinal movement of the radius in relation 
to the ulna. It is for this reason that the results show 
that the change in the radio-humeral distance from 
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abduction to adduction and from radial deviation 
to ulnar deviation was larger than the longitudinal 
movement of the radius in relation to the ulna, 
which occurred during these movements. Ogilvie 
(op cit) took the radio-humeral distances as being 
an indicator of the longitudinal movement of the 
radius in relation to the ulna, which is invalid, 
whereas Fryette's (op cit) observations were made 
from X-rays of the wrist, which is more correct. 
The measurements in this study were taken with 
the elbow at 0° extension, which would have been 
at or near the close-packed position. It would have 
been desirable to analyse movements occurring at 
5° flexion and perhaps also at 15° or 30° flexion, 
but this was not done for two reasons—1: it was 
too difficult to avoid humeral rotation in other 
than 0° extension, and 2: the authors did not want 
to expose the subjects to excessive radiation. 
Ideally, X-rays would have been taken in the 
neutral position also, and on the other arm. These 
measurements would have yielded valuable 
additional information. 
Whether or not the ulna changes its degree of 
abduction/ adduction during pronation/ supination 
appears to depend on the axis of rotation that is 
chosen. Morrey and Chao (op cit) found that 
during pronation there is virtually no motion of the 
ulna with respect to the humerus, but that the 
radius deviates 6-10° medially with respect to the 
humerus as it rotates around the ulna. However, 
they do admit that if forearm rotation occurs about 
the radius, the ulna will deviate laterally 5-10° as 
pronation occurs. Ray et al (op cit) examined 
pronation and supination on living subjects, using 
both the second and fifth fingers as the axes of 
rotation. When rotation occurred around an axis 
passing through the fifth finger, the ulna remained 
relatively stationary, although the subjects found 
this difficult to do. When rotation occurred around 
an axis passing through the second finger it was 
noted that during pronation the ulna was abducted 
and during supination it was adducted, the actual 
arc of motion from full supination to pronation 
being 8-9°, The present study has shown that, in the 
five subjects tested, the average movement that occurred 
from full abduction to full adduction in 0° extension 
was 10.4°, which substantiates Ray et al's (op cit) 
results. They also found that the anconeus muscle 
was active on the electromyogram through the 
whole range of pronation, which emphasizes its 
role in abducting the forearm during this move-
ment. 
Youm et al (op cit), in their detailed cadaveric 
study of elbows, agreed with the findings of Ray et 
al (op cit). When the forearm was fixed to rotate 
around an axis through the second metacarpal, the 
motion of the distal ulna was maximal, whereas it 
was minimal when rotating around an axis through 
the fifth metacarpal. Both Youm et al (op cit) and 
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Ray et al (op cit) make the important point that a 
lesion of the humero-ulnar joint can effect pro-
nation and supination. 
Kapandji (op cit) concurs with the above authors 
and states that during everyday movements the 
axis of rotation usually coincides with the axis of 
the hand, through the third finger and its meta-
carpal bone. Figure 9 helps to explain this. As the 
forearm moves from full supination to full 
pronation, the ulna displacement is the resultant of 
two components— 1: a longitudinal component, E, 
which is no more than a slight extension of the ulna 
at the elbow, and 2: a transverse component, L, 
which results from a lateral displacement of the 
ulna at the elbow. The axes OX and 0*X* are 
parallel, indicating that there is no axial rotation of 
the ulna during the movement. 
Figure 9: From Kapandji (op cit, p 115) 
Chao and Morrey (op cit) state that in their 
analysis of the elbow the translatory components 
of the joint motion are ignored under the 
assumption that the tight ligamentous constraints 
would only allow a small amount of translatory 
movement In the present study, an attempt was 
made to measure the amount of translation of the 
ulna on the humerus during the abduction and 
adduction movements, but even slight rotation of 
the humerus, which was found difficult to avoid 
completely, made it impossible to measure ulna 
translation accurately. However, in four out of the 
five subjects it appeared that* there was slight 
medial translation of'the ulna on the humerus as 
the forearm was moved passively from full 
abduction to full adduction. This suggests that 
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Figure 6: X-ray of the arm 
during passive ulnar deviation 
of the wrist showing the 
measurement reference points 
at the elbow and the wrist 
Figure 7: X-ray of the arm 
during passive radial deviation 
of the wrist 
Figure' 8: Plates shown in 
Figures 6 and 7, with the 
humerus superimposed—close-
up of the elbow 
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medial (ulnar) and lateral (radial) translatory 
movements are important in the normal functioning 
of the elbow, and should therefore be considered in 
the assessment and treatment of patients with 
elbow lesions, Kaltenborn (op cit, p 6.5) describes 
the use of these movements as treatment techniques 
when there is restricted flexion or extension at the 
elbow. 
Excision of the radial head following fracture 
results in a proximal shift of the radius in relation 
to the ulna, and may result in symptoms at both the 
elbow and at the wrist. Long-term follow-up 
studies following excision of the radial head have 
been undertaken by a number of authors (Morrey 
etal 1979, Taylor and O'Connor 1964, McDougall 
and White 1957, Radin and Riseborough 1966). 
They agree that excision of the radial head may 
result in subluxation of the inferior radio-ulnar 
joint due to a proximal migration of the radius in 
relation to the ulna, but they do not agree about the 
importance of these changes in terms of loss of 
function and pain. The resultant symptoms appear 
to be related more to the amount of use to which 
the arm is subjected than to the amount of 
subluxation (Taylor and O'Connor op cit, 
McDougall and White op cit). 
Martinelli (1975) recommends the use of a silastic 
radial head prosthesis following excision of the 
radial head, but Morrey et al (op cit) assert that 
because of the complete lack of correlation between 
the quality of the functional result and the extent of 
migration of the radial head, the rationale of using 
a prosthetic radial head to prevent proximal 
migration of the radius is highly questionable. 
Schwab et al (1980) assert that a prosthetic radial 
head should be used if the medial collateral 
ligament is also ruptured because, after excision of 
the radial head or capitulum, the stability of the 
elbow is dependent on the functional integrity of 
this ligament. 
Excision of the radial head has also been found to 
give pain relief in patients with rheumatoid arthritis 
involving the elbow (Taylor et al 1976). There was 
also an increase in the range of flexion and 
extension in most of these patients, even in the 
presence of humero-ulnar joint involvement, and it 
is stressed that the radio-humeral joint plays an 
important part in all movements of the elbow. 
In the present study it was noted that there was no 
discernible movement of the radial head on the 
capitulum when the forearm was passively moved 
from a position of full supination to the neutral 
pronation/supination position. The forearm was 
only taken to the neutral position because it was 
found impossible to prevent the humerus from 
rotating if the forearm was taken to full pronation. 
If rotation of the humerus could be avoided, the 
lateral X-rays of the elbow could be taken in full 
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supination and full pronation and in different 
degrees of elbow flexion; it could then be adequately 
determined whether there is an anterior or posterior 
shift of the radial head on the capitulum during 
pronation and supination. This information would 
be useful because, clinically, therapists incorporate 
these movements into the assessment and treatment 
of elbow lesions. Unrestricted anterior and 
posterior gliding of the radial head on the capitulum 
is obviously necessary for full flexion and extension 
of the elbow, but the importance of an anterior or 
posterior shift of the radial head during pronation 
and supination has not been demonstrated. Care 
must be taken in any analysis of anterior/ posterior 
shift of the radial head on the capitulum, because 
the radial head is slightly oval (Kapandji op cit). 
Hence, what may appear to be a shift on X-ray, 
may simply be due to the radial head lying in a 
different plane. 
Conclusion 
This study has demonstrated the longitudinal 
movements of the radius in relation to the ulna that 
occur during passive abduction and adduction of 
the elbow and during passive radial and ulnar 
deviation of the wrist. It is possible that the 
accessory movements occurring at the elbow are 
different during active movement from those during 
passive movement due to the muscle forces acting 
across the joint. 
The relationship between the elbow and wrist 
joints via the superior and inferior radio-ulnar 
joints has been demonstrated, and a lesion at one 
of these joints must affect, to some extent, 
movements occurring at the other joint. A review 
of the literature has also shown that the radio-
humeral joint plays an important role in flexion 
and extension of the elbow, and that the humero-
ulnar joint plays an important role in pronation 
and supination. The anterior and posterior 
movements of the head of the radius on the 
capitulum, and the translatory movements of the 
ulna on the humerus would also appear to play 
important roles in normal elbow movement. 
The above comments emphasize the point that 
when treating elbow lesions the passive accessory 
movements must be examined in considerable 
detail. Maitland (op cit) states that the examination 
of the elbow joint by physiotherapists is generally 
inadequate, and this partly accounts for the poor 
results achieved in the treatment of such conditions 
as tennis elbow. 
This has been a preliminary study only, and 
hopefully will provide the stimulus for further 
research in this area. 
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